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Description 

Apparatus and process for the production of vinyl chloride by thermal cracking of 
1,2-dichloroethane 

5 

The Invention relates to a process for the production of vinyl chloride by thermal cracking of 
1 ,2-dichloroethane (EDO) in which it has been possible to improve the energy balance, the 
operating time (maintenance interval) of the cracking furnace and/or the yield of vinyl 
chloride in comparison with the prior art (cf. Table 1). 

0 

Processes for the production of vinyl chloride by thermal cracking are known, for example, 
from DE 34 40 685- The latter describes heating the 1 ,2-dichloroethane in the convection 
zone of the cracking furnace, vaporizing it with steam in an external heat exchanger (EDC 
vaporizer) and feeding it in gaseous form Into the cracking furnace at a temperature of 

5 195**C under a pressure of 1 .3 MPa (low-pressure process). The cracking gases are 
subsequently fed for working-up. In the entire system, there is a low system pressure of 
1 ,3 MPa, which has a detrimental effect; when removing hydrogen chloride a high conden- 
sation energy is required since the condensation of the gas has to be carried out at very 
low temperature. In addition, the high thermal energy with which the cracking gas stream 

!0 leaves the cracking furnace (494**C) is not put to use. 

Disadvantages of that process are especially 

a) the high power consumption per tonne of target product for generating the refrigeration 
energy necessary for condensation and hence removal of the by-product hydrogen 

>5 chloride 

b) the high expenditure of energy which the vaporization of the EDC requires before It is 
fed into the cracking f umace and 

c) the greater energy requirement in the cracking furnace resulting from the low entry 
temperature of the EDC into the cracking furnace of approximately only IQS'^C. 

JO 

There is also known from EP 0 264 065 B1 a process for the production of vinyl chloride by 
thermal cracking wherein the thermal energy of the cracking gas (that is to say, the gas 
stream that leaves the radiation zone of the cracking furnace and the temperature of which 
at that point is said to be about 496''C) Is partly utilized by a heat exchanger in which EDC 
35 that has already been passed through the convection zone of the cracking furnace and has 
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thus been heated is vaporized. In that case also, however, the thermal energy of the 
vapour leaving the quench column which follows the cracking furnace is not put to use. In 
addition, the pressure in the cracking furnace is relatively high (greater than 2.5 MPa, high- 
pressure cracking), so that slight temperature fluctuations lead to extreme pressure f luc- 
5 tuations. For example, pressure fluctuations in the EDO vaporizer upstream of the cracking 
furnace, which affect the reaction time and hence the residence time of the dichloroethane 
in the cracking furnace, cannot be compensated for. 

The object of the invention is therefore to provide an apparatus and a process for the 
0 production of vinyl chloride by thermal cracking of 1 ,2-dichloroethane (EDC), in which the 
economic efficiency is improved in comparison with the prior art. 

The invention relates to an apparatus for the production of vinyl chloride by thermal crack- 
ing of 1,2-dichloroethane, comprising at least a cracking fumace, a quench column and a 
16 purification facility in that order, wherein, in the feed line through which 1 ,2-dichloroethane 
is fed into the radiation zone of the cracking furnace, a predetermined pressure in the range 
of from 1 .4 to 3.5 or 1 .5 to 3.5 or 1 A to 2.5 MPa is ensured and at least a first heat 
exchanger is arranged by means of which pressure fluctuations and temperature 
fluctuations In the EDC vaporization are compensated for. 

>0 

The invention also relates to a process for the production of vinyl chloride by thermal 
cracking of 1 ,2-dichloroethane in a cracking fumace, in which a medium pressure of from 
1 .4 to 2.5 MPa is maintained in the system and an externally beatable and separately 
regulatable heat exchanger Is provided by means of which pressure fluctuations and 
25 temperature fluctuations within the system can be compensated for. 

Other advantageous embodiments of the invention will be apparent from the subsidiary 
claims, the description and the Figure. 

30 According to one embodiment of the apparatus and of the process, the 1 ,2-dlchloroethane 
is heated, before reaction thereof in the radiation zone of the cracking furnace, using the 
heat of the quench waste gas, that Is to say, the waste heat of the top stream of the quench 
column. According to an especially preferred form of implementation, other waste heat of 
the system can also be used for heating the 1 ,2-dichloroethane that is to be introduced into 

35 the radiation zone of the cracking fumace. It Is especially advantageous in that case for 
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that system for heating the EDC to be additionally combined with a heat exchanger that 
leads through the convection zone of the cracking furnace and utilizes the waste heat of the 
flue gases of the cracking furnace. 

5 The first heat exchanger may also be referred to as a trimming heat exchanger since^ for 
example, In addition to regulating pressure, it can also be used as an externally vapour- 
operated heat exchanger for fine adjustment of the heat requirement in the EDC cracking. 

That first heat exchanger, which can also be used for fine adjustment of the temperature of 
0 the 1 ,2-dichloroethane feedstock, is preferably arranged between a second heat 

exchanger, by which the waste gases of the top stream of the quench column are put to 
use, and a third heat exchanger that is integrated into the convection zone of the cracking 
fumace. 

5 That external energy supply has proved advantageous for better regulation of the pressure 
in the cracking unit. In that manner, that is to say, by supplying external energy, the pres- 
sure fluctuations in the EDC vaporization and hence in the feed line can be compensated 
for. It is advantageous in that case for an automatic control system to be provided which 
measures the pressure in the EDC vaporization and, if the pressure changes, automatically 

0 or manually alters the temperature of the externally heated first heat exchanger in such a 
manner that the pressure returns to a predetermined value. 

According to an especially preferred form of implementation, 1 ,2-dichloroethane is heated 
to almost boiling temperature in three stages, utilizing the energy content of the hot crack- 
.5 ing gases and of the flue gases of the cracking furnace: 

- in the second heat exchanger, which utilizes the waste heat of the quench column, liquid 
1,2-dichloroethane is heated to approximately 120 - ISO^'C by the saturated vapour 
mixture (mainly comprising vinyl chloride, hydrogen chloride and unreacted 1 ,2- 
dichloroethane) that leaves the quench column at the top, 

;0 - in the first heat exchanger (trimming heat exchanger = vapour-operated heat exchanger 
for pressure regulation and/or fine adjustment of the heat requirement in the EDC crack- 
ing), the liquid 1 ,2-dichloroethane is further heated externally by steam, 

- in a third heat exchanger in the convection zone of the cracking fumace, the 1 ,2-di- 
chloroethane. which is still liquid, is heated by the flue gases of the cracking furnace to 

15 200 - 250^C. 
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The 1 ,2-dichloroethane which is still liquid after that 3-stage heating process is vaporized In 
an external, so-called "EDC vaporizer" using the waste heat of the hot cracking gases 
having a temperature of 450 - 550**C Issuing from the cracking furnace, under a pressure of 
5 from 1 A to 3.5 MPa, preferably from 1 .4 to 2.5 MPa and especially from 1 .6 to 2.2 MPa. 

The then gaseous 1 ,2-dichloroethane is passed into the radiation zone of the cracking 
furnace and heated to above 450''C within 5-10 seconds, preferably within 6-7 seconds. 
The energy supply to the cracking furnace is preferably distributed as follows: 

0 

1 St burner row (EDC entry): 30 - 70 % 

burner row(s) middle: 20 - 40 % 

last burner row (cracking gas exit): 1 0 - 20 % 

5 The total residence time of the EDC in the radiation zone of the cracking furnace should be 
15-30 seconds, preferably 18-23 seconds. The hot cracking gas having a temperature of 
from 450*^0 to 550°C is passed through the external EDC vaporizer and thereafter is cooled 
to saturated vapour temperature in the quench column by direct cooling with a liquid 
mixture of 1 ,2-dichloroethane, vinyl chloride and dissolved hydrogen chloride. The 

:0 pressure In the quench column is 1 .4 - 2 MPa, preferably 1 .5 - 1 .7 MPa. 

The top stream of the quench is advantageously used for pre-heating liquid 1 .2-dichloro- 
ethane and is then cooled to 50 - SO^'C with cooling water or by means of air coolers. The 
gas stream and the liquid stream from the quench system are then fed for distillation to 
!5 separate hydrogen chloride, vinyl chloride and unreacted 1 ,2-dichloroethane. In the first 
stage, hydrogen chloride is separated from vinyl chloride and 1 ,2-dichloroethane over the 
top of the column. Owing to the quench pressure of 1 .5 - 1 .7 MPa, the first distillation 
column is operated at 1 .2 MPa and -25°C in the top. 

10 In the upper portion of the convection zone of the cracking furnace, steam can be obtained 
and/or the combustion air for the cracking furnace can be pre-heated, while the flue gases 
are simultaneously cooled. 

Surprisingly, it has been found that adherence to specific operating parameters, especially 
)5 a pressure in the cracking coil of 1 .6 - 1 .9 MPa, to rapid heating of the 1 ,2-dichloroethane in 
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the first portion of the radiation zone and adherence to the above-described residence 
times and/or specific firing in the individual cracking furnace segments drastically reduce 
the formation of by-products and at the same time prolong the operating time of the 
furnace. The refrigeration output required to liquefy the return material Is, by virtue of the 
5 pressure in the first distillation column, only 35.4 kW/t of target product. 

The EDO yield obtained (yield of vinyl chloride based on reacted pure 1 .2-dichloroethane) 
according to the described process is 99.5 %. Owing to the high entry temperature of the 
1 ,2-dichloroethane into the radiation zone of the cracking furnace the consumption of 
0 primary energy In the cracking furnace is also very low in comparison with other, known 
processes. 

The following Table shows the invention in comparison with the prior art DE 34 40 685 and 
EP 0 264 065 discussed in the introduction. 

5 

Table: Evaluation of the test results 





according to the 
invention 


similarly to 
DE 34 40 685 


similarly to 

EP 0 264 065 


formation of by-products 
In kg per tonne of target 
product 


11 


17 


10 


1, 2-dichloroethane yield In 
% by weight 


99.52 


99.3 


99.54 


total energy consumption 
of EDO cracking in kW/t 
of vinyl chloride 


904 


890 


943 


energy consumption of 
EDC vaporization In kW/t 
of vinyl chloride 


201 (by cracking 
gas) 


210 (by cracking 
gas) 


235 (by steam) 


furnace operating time 
between cleaning periods 
in months 


19 


10 


20 
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according to the 
inveniion 


similarly to 

UC. OHr DOQ 


similarly to 


refrigeration output for 
liquefying the hydrogen 
chloride at the top of the 
HCI column inkW/tof 
target product 


35.4 


33.7 


92.5 



Definitions: 



formation of by-products = the sum of all the by-products resulting in the cracking of 
5 1 ,2-dichloroethane 

1 ,2-dichloroethane yield = yield of vinyl chloride based on the pure, reacted 
1 ,2-dichloroethane 

0 total energy consumption: total primary energy used in the cracking furnace (tube reactor) 
in the form of heating gas or heating oil 

energy consumption of EDO vaporization: energy used to heat 1 ,2-dichloroethane in the 
EDO vaporizer to boiling temperature and for the total vaporization of the 1 .2- 
5 dichloroethane stream to the cracking fumace (tube reactor); in the case of the high- 

pressure cracking and the invention that energy is extracted from the cracking gas 
aften rt leaves the tube reactor, In the case of the low-pressure cracking that energy 
is supplied externally by means of steam. 

50 furnace operating time = the time after which the reaction has to be discontinued In order to 
clean the cracking fumace (tube reactor). 

refrigeration output for liquefying hydrogen chloride in the HCI column = the electrical 
energy that has to be used to generate cold in order to condense the quantity of 
>5 hydrogen chloride required as return material In the first distillation column (HCI 

column). 



The tabular presentation strikingly shows that the method according to the invention 



wo 2004/089860 



PCT/EP2004/002763 



-7- 

described herein makes It possible for the first time to obtain the three decisive advantages 
of low-pressure cracking, a high yield, a low rate of by-product formation and a long oper- 
ating time of the fumace, with an energy consumption that bears comparison with high- 
pressure cracking. 

5 

The Invention will also be described below with reference to a Figure that shows a flow 
diagram of a process and, the same time, a schematic illustration of the arrangement of an 
apparatus for the production of vinyl chloride. 

0 The Figure is divided into two parts A and B. In the first part A, the cracking fumace and 
the vaporization unit which makes primary use of the waste heat of the cracking gas stream 
are shown. In the second part B, the quench column and the feed lines to the purification 
unit can be seen. 

5 The jDrocess may be carried out, for example, as follows: 

42 t/h of 1 ,2-dichloroethane at a temperature of 120''C are brought to a pressure of 
3.6 MPa by means of a pump 1 (sheet B) and pre-heated to approximately 160*^0 via the 
second heat exchanger 7 (sheet B), which is heated by saturated vapour gas stream from 
the quench column, and via the first heat exchanger and the trimming heat exchanger 2 

:0 (sheet A) which is required to regulate the pressure In the EDO vaporizer, and are fed to 
the convection zone 3 (sheet A) of the cracking furnace 1 (sheet A). In the convection zone 
3. the 1 ,2-dichloroethane is heated to 230°C by means of the flue gases and, depending on 
the fill state of the external 1 .2-dlchloroethane vaporizer, is passed via a regulating valve 
into the EDC vaporizer 4 (sheet A). By means of the hot vinyl-chloride-containing cracking 

!5 gases having a temperature of approximately 490^C which flow through the tubes of the 
extemal 1 ,2-dichloroethane vaporizer, the 1 ,2-dichloroethane is heated to boiling tem- 
perature and vaporized at a pressure of 2.2 MPa. The hot 1 ,2-dlchloroethane having a 
temperature of 232^*0 Is fed via a regulating valve to the upper portion of the radiation zone 
5 of the cracking fumace 1 (sheet A). The cracking furnace 1 is fired, for example, with 

JO 1270 Nm% of natural gas. The distribution of the heating gas to the 4 rows of burners Is, 
for example, as follows: 

1st row top (EDC entry) approximately 40 % of the total quantity of natural gas 
2nd row top/middle approximately 30 % of the total quantity of natural gas 
3rd row bottom/middle approximately 18 % of the total quantity of natural gas 
J5 4th row bottom (cracking gas exit) approximately 12 % of the total quantity of natural gas 
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The total conversion of 1 ,2-dichloroethane to vinyl chloride in the example actually carried 
out was 55.9 %. 

5 The cracking gas stream, consisting of vinyl chloride, 1 ,2-dichloroethane, hydrogen chloride 
and by-products, flows at approximately 490**C out of the radiation zone of the cracking 
furnace into the external EDC vaporizer. 

That stream is cooled to 260**C In the vaporizer by vaporization of EDC and is fed to a 
0 quench column 6 (sheet B). The pressure in the top of the quench column 6 is 1 .6 MPa. 
The cracking gas stream that has been saturated by means of a liquid mixture of 1 ,2-di- 
chloroethane, vinyl chloride and hydrogen chloride is partially condensed in an air cooler 8 
(sheet B). While regulating its level, the liquid is pumped from the recycling vessel 9 (sheet 
B) by means of a pump to a column in which HCI is separated over the top from VCM, 
5 unreacted EDC and by-products. The uncondensed gas stream is cooled in a further heat 
exchanger 10 (sheet B) and likewise fed to the above-mentioned distillation separation 
process. 

The bottom stream from the quench column 6 is fed to a one-stage flash vessel 1 1 
JO (sheet B) for separation of solids. The solids-free top stream of the flash vessel is 
condensed In a heat exchanger 12 (sheet B) and pumped to the above-mentioned 
distillation column. The vinyl-chloride-free and hydrogen-chloride-free bottom stream of the 
flash vessel is delivered for EDC purification by distillation. 

25 For the entire system described herein by way of example a by-product balance was drawn 
up as follows: 

analysis of feed 1 ,2-dichloroethane to the cracking furnace 
analysis of the hydrogen chloride stream of the HCI column to the oxychlorination 
analysis of the bottom stream of the HCI column to the vinyl chloride column 
30 analysis of the bottom stream of the flash vessel to the vacuum column 

The by-product balance corresponding to Example 1 gives 11 kg of by-products per tonne 
of target product (vinyl chloride) at a cracking conversion of 55.9 %. The 1 ,2-dichloro- 
ethane yield was 99.52 % (by weight). 



35 
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The operating time of tlie cracking furnace until tfie next cleaning operation was 1 9 months. 
The energy consumptions were as follows: 

- energy consumption of the EDC cracking: 904 kW/t of vinyl chloride 

5 - energy consumption for vaporization of 1 ,2-dichloroethane by means of cracking gas 
(already included in the 904 kW) 

- electrical energy for liquefying hydrogen chloride at the top of the first distillation column: 
35.4 kW/t of vinyl chloride 

0 According to further embodiments of the process, in addition to being used to heat the 

EDC, the convection zone of the cracking furnace serves to generate steam and/or to heat 
combustion air. 

A further embodiment provides that the cooling of the cracking gases takes place for the 
5 most part within the quench by directly contacting the hot cracking gases with cooled, liquid 
EDC, vinyl chloride and hydrogen chloride which, for example, is sprayed into the quench in 
counter-current. 

A further form of implementation provides that the cooling of the cracking gases takes 
.0 place for the most part within the quench on column plates that are charged with cooled, 
liquid EDC from the top and in counter-current to the cracking gases. 

A further form of implementation of the process is characterised in that the distribution of 
the heating medium of the cracking fumace to the individual rows of bumers is regulated by 
S measuring the product temperature per cracking fumace segment and regulating the fuel 
supply accordingly. 

A further embodiment of the process is characterised in that the first distillation stage for 
removal of hydrogen chloride is operated under a condensation pressure of from 1 .1 to 
;0 1.3 MPa and at a condensation temperature of from -22**C to -2&'C. 

A further embodiment of the process is characterised in that the stream containing high- 
boilers and solids which issues from the bottom of the quench column is freed of solids in a 
one-stage vaporizer and is fed by pump to the column for removal of hydrogen chloride. 
15 The stream containing solids and high-boilers that has been freed of vinyl chloride and 
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hydrogen chloride is fed for distillation to recover 1 .2-dichloroethane. 

A further form of implementation of the process is characterised in that the stream con- 
taining high-boilers and solids which issues from the bottom of the quench column is pre- 
5 purified in a sedimentation vessel to remove coarse solids particles and is then divided in a 
distillation column into a hydrogen-chloride-free and vinyl-chloride-free bottom stream, 
which consists for the most part of EDC, and a solids-free top stream, which contains the 
total proportion of hydrogen chloride and vinyl chloride. The distillate stream which has 
been freed of solids is fed, for example, by pump to the column for removal of hydrogen 
10 chloride. The bottom stream containing solids and high-boilers which has been freed of 
vinyl chloride and hydrogen chloride is then fed for distillation, for example to recover 1 ,2- 
dichloroethane. 

A further form of implementation of the process is characterised in that the stream con- 
15 taining high-boilers and solids which issues from the bottom of the quench column is freed 
of solids in a two-stage vaporizer and is fed by pump to the column for separation of 
hydrogen chloride. The stream containing solids and high-boilers that has been freed of 
vinyl chloride and hydrogen chloride is then optionally fed for distillation to recover 1 ,2-di- 
chtoroethane. 

20 

A further form of implementation of the process is characterised in that, in the first distilla- 
tion stage, a mixture of hydrogen chloride and vinyl chloride is removed over the top as 
distillate and a mixture of vinyl chloride and 1 ,2-dichloroethane is removed wa the bottom of 
the column. 

15 

One form of implementation of the apparatus is characterised in that it comprises a 
trimming heat exchanger, an EDC cracking fumace comprising a convection zone and a 
radiation zone, a quench column having a heat exchanger at the top, an air and/or water 
cooler as a quench top condenser, at least one pump receiver, a quench bottom flash 
30 vessel, a quench bottom condenser and a heat exchanger for cooling the quench top gas 
stream before it enters the distillation. 

By means of the invention disclosed herein it is possible for the first time to improve the 
energy balance of the thermal cracking of 1 ,2-dichloroethane, to reduce the residence time 
35 of the gases in the cracking furnace, to restrict the formation of by-products and thereby to 
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prolong the operating time of tlie cracking furnace, that is to say the interval of time 
between two maintenance periods. 

The invention relates to a process for the production of vinyl chloride by thermal cracking, In 
5 which the energy balance, the operating time of the cracking furnace and/or the yield of the 
reaction are distinctly enhanced in comparison with the prior art. A pressure of from 1 .5 to 
3.5 MPa is established in the cracking coil at a temperature of from 450 to 550^*0 and, for 
pre-heating the EDC (=1 ,2-dichloroethane) introduced, inter alia the waste heat of the gas 
stream leaving the top of the quench column is utilized. 



